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Abstract 
 
This article reports the simple one step process for the extraction of nanostructured metal oxides 
from the industrial waste (EOFD) for the realization of low cost solar applications. By hydrothermal 
technique with NaOH and H2SO4, valuable metals were obtained in the form of metal oxides. The 
identification of compounds and structural characterization were carried out through XRD and SEM 
analysis. Thus the metal oxides derived could be helpful to reduce the burden on the environment from 
the electric oil furnace dust, increase the development of the source nano material and reduce the cost of 
raw materials for solar cell applications. 
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1. Introduction 
 
World-wide there is a strong demand for efficient, low-cost and reliable photovoltaic materials, which are 
able to convert freely available solar energy into electricity. Thus, there is an increasing interest in the 
development of alternative materials and technologies for solar energy conversion with minimal cost of 
production. Electric oil furnace dust (EOFD) is a solid waste generated in the collection of particulate 
material during steelmaking process in electric and oil furnace. Owing to the large number of heavy metal in 
EOFD the environment will suffer deep impacts like soil, ground water and ecology pollutions. Although 
there is still a large amount of crude oil to be exploited, the principal questions at present are no longer 
related to the time that this power resource will last, but to the environmental damage that it produces. The 
use of fossil fuels is frequently associated with several environmental problems, such as the greenhouse 
effect. This situation is worsening due to the increasing energy demand all over the world, especially the 
requirements for energy that take place in remote areas. Photovoltaic technology has received increased 
attention as one of the most promising approach to carbon-free energy production.  
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Although this technology has reached a highly developed stage, silicon-based solar cells still present high 
costs of manufacture. Thus, there is an increasing interest in the development of alternative materials like 
semiconducting metal oxides and technologies for solar energy conversion with minimal cost of production.  
On the other hand, the industrial waste like furnace dust (EOFD) severs as the most destructive threat to 
the health and environment. In particular, due to increasing demand of steel throughout the world, the dust 
produced per year is almost 21.14 Mega tons. The main contents of EOFD were heavy metals such as Fe, Ti, 
Ni, Zn, Cu, Mn and Pb. Owing to the large number of heavy metal, the environment will suffer deep impacts 
like soil, ground water and ecology pollutions. Hence it is essential to find a way for the alternate use of these 
waste particles. This work will report a hydrometallurgical processing of EOFD collection to recover 
valuable metals to metal oxide like titanium oxide nano particles without increasing emissions of carbon 
dioxide and dioxin [1,2]. 
 
2. Experimental 
 
2.1. Extraction of Metal Oxides 
 
The industrial waste from the steel making process of electric and oil furnace (EOFD) was obtained 
ined are hard, 
rough and black in color. About 5 % of the raw materials are expelled from furnace industry in the form 
of scales and they are commercially sold by the furnace industry. These scales are usually melted to 
extract heavy metals which in turn releases large amount of carbon-dioxin. Hence here, instead of melting 
the scales in its present form, they were subjected to precipitation technique.  
 
In a typical procedure, the precursor was initially grinded using a mortar for five hours to powder the 
samples. The grinded powders were initially washed with acetone and ethanol, to remove the any possible 
organic impurities present in it. The purified and grinded powders of EOFD were mixed with NaOH and 
H2SO4 in aqueous solutions. The precipitation occurs due to the presence of NaOH and the con. sulphuric 
acid reacts with the scale, allowing them to initiate the metal oxide formation. After ten minute stirring, 
the mixture was heated at 473 K for 2 hours using a muffle furnace and then was allowed to cool down 
naturally. Black precipitates were collected at the end of the reaction. Here due to heating, the metals turn 
themselves to metal oxides. The obtained solution was centrifuged using a centrifuge apparatus. Rotation 
was maintained at 6000 rpm for duration of twenty minutes. The obtained salts were extracted out and 
washed with distilled water and ethanol several times to remove impurities. Thus the dust particles with 
heavy metals now turn themselves to be metal oxides and hence the environmental pollutant was recycled 
to useful metal oxides for photovoltaic cells. 
 
2.2. Synthesis of Nano Srtuctured Metal Oxides 
 
One of the simplest ways to produce nano structured metal oxides is by irradiating the sample to 
microwave irradiation. These low energy and frequency electromagnetic radiation has the capability to 
dissociate the molecules. Hence the synthesized powder was subjected to microwave irradiation using LG 
MC-7148MS microwave oven. The material was initially taken in a glass bowl and the samples were 
irradiated to radiation at maximum intensity of 900 W and maintained at temperature of 473 K for 20 
minutes. Black precipitates were collected, centrifuged and washed with distilled water and ethanol 
several times to remove impurities.  
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2.3. Characterization 
 
In the present work, the as prepared powders of EOFD is subjected to powder X-ray diffraction (XRD, 
Rigaku DMAX- -1  
75o. The analysis was made as attempt to make a basic confirmation about the various metal oxides 
present in the system. The preliminary identification of metal oxides and the chemical composition was 
studied using EDAX analysis. The structures and the morphologies of the samples were characterized by 
scanning electron microscopy (SEM, Hitachi S-4300).  
 
3. Results and Discussion 
 
In the XRD pattern, all the detectable peaks were indexed in comparison with literature and TiO and 
Fe2O3 were identified as the major phases. The sharp and intense peaks indicate the good crystalline 
nature of the samples. The major peak located at 42o and 43o corresponds to characteristic diffraction 
pattern of TiO which crystallize in cubic system with FCC lattice whose lattice parameter a = 4.173 Å 
(JCPDS 89-3660). The other minor peaks correspond to the traces of TiO2 which crystallize in tetragonal 
system with primitive lattice(JCPDS 82-0514) and Fe2O3 (JCPDS 89-8104) rhomohedral phases [Table 
1]. 
Table 1 Lattice Parameters of the Major Phases Formed in EOFD 
 
Sample System Lattice Space Group Lattice Parameters 
(Å) 
TiO Cubic FCC Fm-3m a= 4.173 
TiO2 Tetragonal Primitive P42 / mnm a= 4.508 
c= 3.027 
Fe2O3 Rhomohedral Rhomb-centered R-3c a =5.023 
c= 13.708 
The particle size of the synthesized powder was determined by the X-ray line broadening method using the Scherrer equation  
[3, 4]:  
  
    D = K         (1)
     
 
-
the sample was determined to be 273 nm.  
In order to validate the results obtained, the grain size was also calculated by Williamson-Hall method, 
based on the relation 
 
 
     /       (2)
       
r the preferred orientation peaks of the 
synthesized powder. Accordingly, the slope and y-intersect of the fitted line represent strain and particle 
size, respectively. The average grain size was estimated to be 276 nm. 
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Fig.1. EDAX Pattern of the Sample. 
 
Further the recorded EDAX pattern (Figure 1) confirms the presence of the various heavy metals like 
titanium and ferrous ions. Titatnium was identified to be the major element in the chemical composition 
of the synthesized compound. It is worthwhile to be discussed that the formation of oxides were 
confirmed by the peak at 0.5 keV which corresponds to the presence of the oxygen in the samples. Thus it 
can be strongly concluded that, the environmental pollutant has been successfully converted into metal 
oxides.  
 
 
 
Fig. 2. SEM Pattern of the Sample. 
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The SEM images (Figure 2) provide direct information about the size and typical morphologies of the 
as-synthesized powders. The picture exactly reveals the four and six phase structured pattern of the 
compounds. SEM picture reveals that, the synthesized powder has uniform distribution of particles. The 
presence of two structures may be attributed due to the presence of TiO and Fe2O3 phases. The typical 
hierarchical TiO nanoarchitecture is composed of large quantities of TiO nano boxes near 275 nm in 
width. These nano boxes are the smallest units, stacking lay by lay to construct the hierarchical 
nanoarchitectures. 
 
4. Conclusion 
 
The production of steel in electric oil furnace (EOF) generates a by-product called EOF dusts. These 
steelmaking flue dusts are classified in most industrialized countries as hazardous residues because the 
heavy metals contained in them, tend to leach under slightly acidic rainfall conditions. About 5000 tons of 
waste was at present stored in a landfill, which remains as a greatest threat to the environment due to the 
presence of heavy metals. As they cannot degrade themselves, it has the capability to contaminate the soil 
and the ground water. However, and at the same time they contain valuable species which can be used as 
a source to obtain valuable by-products that can be utilized in the solar cell devices. The XRD indicated 
the possible formation of titanium oxide and ferrous oxides and it was confirmed by the EDAX spectrum. 
By theoretical model, the average grain size of the synthesized powder was estimated to be 275 nm. The 
SEM images show the hierarchical nanostructure of the metal oxides and the size agrees very well the 
theoretical estimation. Thus the metal oxides derived could be helpful to reduce the burden on the 
environment, increase the development of the source nano material and reduce the cost of raw materials 
for solar cell applications. In particular, titanium oxide due its very high refractive index (n = 2.7) and UV 
resistant properties, can be widely used as white pigment and UV absorber. 
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